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Work is still on going to maximize conversions for 
specific alcohol, to improve conversion for solvent 
free alcoholysis [14]. Because of the high energy cost 
of the conventional chemical process and the lower 
prices of enzyme, industrial applications of lipase in the 
oleochemical industry has become more attractive [15].

Lipase-catalyzed alcoholysis in a solvent-free media is 
important in industrial applications; this system presents 
an enormous advantage by avoiding the problems of 
separation, toxicity and flammability of organic solvent 
evaporation step.  In this study, a lipase from Mucor 
miehei (Lipozyme®) was tested for transesterifying 
palm kernel oil with short chain alcohols to alkyl esters.  
Conditions the optimal reaction parameters were studied 
for obtaining a high yield of ethyl ester in a solvent 
free medium by the combined use of factorial design 
experiments and response surface methodology (RSM).

2. Experimental 

2.1  Materials 
All reactions were catalyzed by Lipozyme, a 1,3 

specific Lipase from Mucor miehei, immobilized on a 
macro porous anion exchange resin, and was purchased 
from Novo Nordisk industry. A refined edible Palm 
Kernel oil was donated by SANTANDEREANA DE 
ACEITES S.A. (Girón-Colombia) and its fatty acid 
composition was caprilic (1,6%), capric (2,0%), lauric 
(57,0%), myristic (15,8%), palmitic (7,5%), stearic 
(1,6%), oleic (14%) and linoleic (0,6%).  From that 
composition, on average molecular mass of 697.09 was 
determined.  The molar amount of the oil was calculated 
from its saponification value. All other chemicals 
(butanol, ethanol, methanol, isopropanol and hexane) 
were of higher purity.

       

Table 1.  
Lipase- catalyzed transesterification of Palm Kernel oil 

with alcohols.

Sample Alcoho Molar Ratio Alcohol/Oil Solvent

A Methanol 3 No

B Methanol 1,5 No

C Methanol 3 Hexane

D Ethanol 3 No

E 2-propanol 3 No

F Butanol 3 No

G Methanol 1,5 Hexane

H Ethanol* 3 No

*: Ethanol commercial ( 96%,)

2.2.  Alcoholysis reaction
A standard reaction mixture consisted of the oil, 

alcohol and immobilized Lipase without adding water.  
Stoichiometric amounts of the substrates were mixed 
together in a 50 mL screw capped vial, incubated for 
15 min. at 55ºC and 250 rpm on a rotator shaker, and 
placed in a incubation chamber, before adding amounts 
of the immobilized Mucor miehei Lipase (4% by weight 
of oil).  The progress of the reaction was followed by 
withdrawal of 25 mL of the reaction medium at various 
time intervals, which was analyzed by the GC method.  
Further ethanolysis reactions were carried out with 
varying substrate molar ratios, enzyme quantity and 
time.  The immobilized enzyme was recovered from the 
reaction medium by centrifugation and filtration.

2.3.  Gas chromatograph (GC) analysis 
The content of alkyl esters in the reaction mixture was 

quantified on a Hewlett-Packard 6890 gas chromatograph 
equipped with a flame-ionization detector and a DB-
17 HT capillary column (0.32 mm i.d., 0.15µm film 
thicknesses × 30 m) using cholesterol as an internal 
standard. The column temperature was set to 100ºC and 
was then programmed first at 40ºC/min to 250ºC and then 
at 7ºC/min to 360ºC, which was maintained constant for 
6.5 min.  The injector and detector temperatures were 
360ºC and 370ºC, respectively.  Helium was used as 
the carrier gas at a flow rate of 2 mL/min. 25 mL of the 
reaction medium were dissolved in 1 mL of n-hexane 
that contained cholesterol and then 1mL was injected 
directly into the gas chromatograph.  

2.4.  Experimental design
The methodology of response surface was adopted 

in this study, using a three-level, three-variable central 

Figure 1. Diagram of the partial pressure for a binary sys-
tem. For small molar fractions (solute), the partial pressure 
is proportional to the molar fraction (Henry’s law). For mo-
lar fractions approaching unity (solvent), the partial pres-
sure is proportional to the molar fraction (Raoult’s law).
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1. Introduction

The method traditionally for producing fatty acid 
alkyl esters is the transesterification of fats and oils 
with alcohols in the presence of an acid or an alkaline 
catalyst at high temperature. However, the research is 
driving the use of enzymes because of high yields and 
improvements in lowering of consumed energy in the 
process of alcoholysis [1].

� �
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Moreover, reactions catalyzed by lipases as compared 
to those carried out with chemical catalysts, yield a 
wide variety of products with different composition 
and properties depending on the substrate specifity 
or steroespecifity of the lipase used [2]. The lipase-
catalyzed alcoholytic reaction is potentially useful in 
the production of alkyl esters of specific interest such as 
methyl or ethyl esters.
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Use of organic solvents in enzyme synthesis presents 
some important disadvantages: they are expensive, 
dangerous, flammable and toxic [3]. All those points 
are a limitation to the spread these enzyme processes 
in industry. One alternative pathway is a solvent free 
process.  It presents all the advantages of catalysis in 
organic solvents [4].

There have been a considerable number of studies that 
report transesterification and interesterification reactions 
by using lipases with and without organic solvents [5-
8].  However, a few reports deal with the alcoholysis of 
the palm kernel oil as a material prime. The alcoholysis 
reaction has developed in sunflower oil [9], rapeseed oil 
[8], soybean oil and beef tallow [11] with primary and 
secondary alcohols [12]. Then lipase esterification is a 
viable method for the production of alkyl esters from 
tallow, vegetable oil and greases [3].                     

1,3 – Specific Lipase catalysed alcoholysis of Palm Kernel oil 
in a Solvent Free Medium.

Fabián-Enrique Castellanosa , Rosa-Alexandra Gonzálezb , Janeth-Aide Pereaa  and Fernando Martínez-Ortegab  
a Centro de Investigación en Ciencia y Tecnología de Alimentos, CICTA

b Centro de Investigaciones en catálisis, CICAT, Escuela de Química, Universidad Industrial de Santander, A.A. 658, 
Bucaramanga, Colombia.

Abstract: The alcoholysis of palm kernel oil with immobilized 1,3-specific Mucor miehei lipase 
in a solvent free medium was studied, this procedure permit an industrial application.  In the first part 
we screened a series of alcohols in order to obtain a high yield of alkyl esters. The best yields were 
obtained when use ethanol and butanol.  The ethanolysis was chosen for determining the optimal reaction 
parameters for the lipase catalyzed transesterification of palm kernel oil. Response Surface Methodology 
(RSM) was employed to optimize reaction variables.  

Keywords: Alcoholysis, Lipase-catalyzed transesterification, alkyl esters, process optimization, 
biodiesel, palm kernel oil.

 
Résume: Cet article présente un étude réalise sur la réaction entre l’huile de palmiste et quelques 

alcools en utilisant une lipase immobilisé, in absence de solvant. En premier lieu nous avons testés une 
série d’alcools afin d’avoir un rendement plus important en esters. Le meilleur rendement a été obtenue 
avec l’éthanol et le butanol. Nous avons choisi l’ethanolysis pour optimiser un procède en tenant en 
compte les suivants paramètres opératoires: le rapport alcool/huile, le rapport enzyme/huile et le temps 
de réaction. Les variables sont optimisées par une méthodologie de surface de réponse, qui nous donne le 
nombre d’essaies à réaliser afin d’optimiser le procède.

Mot clés: Alcoolyse, Lipase-transesterification, alkyl esters, procède optimise, biodiesel, palmiste.
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1. Introduction

The method traditionally for producing fatty acid 
alkyl esters is the transesterification of fats and oils 
with alcohols in the presence of an acid or an alkaline 
catalyst at high temperature. However, the research is 
driving the use of enzymes because of high yields and 
improvements in lowering of consumed energy in the 
process of alcoholysis [1].
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Moreover, reactions catalyzed by lipases as compared 
to those carried out with chemical catalysts, yield a 
wide variety of products with different composition 
and properties depending on the substrate specifity 
or steroespecifity of the lipase used [2]. The lipase-
catalyzed alcoholytic reaction is potentially useful in 
the production of alkyl esters of specific interest such as 
methyl or ethyl esters.
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Use of organic solvents in enzyme synthesis presents 
some important disadvantages: they are expensive, 
dangerous, flammable and toxic [3]. All those points 
are a limitation to the spread these enzyme processes 
in industry. One alternative pathway is a solvent free 
process.  It presents all the advantages of catalysis in 
organic solvents [4].

There have been a considerable number of studies that 
report transesterification and interesterification reactions 
by using lipases with and without organic solvents [5-
8].  However, a few reports deal with the alcoholysis of 
the palm kernel oil as a material prime. The alcoholysis 
reaction has developed in sunflower oil [9], rapeseed oil 
[8], soybean oil and beef tallow [11] with primary and 
secondary alcohols [12]. Then lipase esterification is a 
viable method for the production of alkyl esters from 
tallow, vegetable oil and greases [3].                     

1,3 – Specific Lipase catalysed alcoholysis of Palm Kernel oil 
in a Solvent Free Medium.
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Abstract: The alcoholysis of palm kernel oil with immobilized 1,3-specific Mucor miehei lipase 
in a solvent free medium was studied, this procedure permit an industrial application.  In the first part 
we screened a series of alcohols in order to obtain a high yield of alkyl esters. The best yields were 
obtained when use ethanol and butanol.  The ethanolysis was chosen for determining the optimal reaction 
parameters for the lipase catalyzed transesterification of palm kernel oil. Response Surface Methodology 
(RSM) was employed to optimize reaction variables.  
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Résume: Cet article présente un étude réalise sur la réaction entre l’huile de palmiste et quelques 

alcools en utilisant une lipase immobilisé, in absence de solvant. En premier lieu nous avons testés une 
série d’alcools afin d’avoir un rendement plus important en esters. Le meilleur rendement a été obtenue 
avec l’éthanol et le butanol. Nous avons choisi l’ethanolysis pour optimiser un procède en tenant en 
compte les suivants paramètres opératoires: le rapport alcool/huile, le rapport enzyme/huile et le temps 
de réaction. Les variables sont optimisées par une méthodologie de surface de réponse, qui nous donne le 
nombre d’essaies à réaliser afin d’optimiser le procède.
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